The BETTII project at NASA GSFC is an attempt to implement spatiospectral interferometry on a flying platform for the first time. BETTII is an 8m farinfrared direct detection interferometer that will pave the way for sub-arcsecond angular resolution in the far-IR. It will be launched on a balloon platform from the continental United States to observe galactic clustered star formation with unprecedented high resolution.
Project overview and goals
The Balloon Experimental Twin Telescope for Infrared Interferometry is a balloon-borne interferometer experiment aiming at pioneering spatio-spectral interferometry from a flying platform. It has two 50-cm aluminum siderostat mirrors separated by a baseline of 8m ( Fig. 1) , providing an angular resolution of 0.5-1" between 30 and 90 microns.
It will study clustered star formation in nearby star forming regions with unprecedented high resolution, hence helping lift model degeneracies and shed light on our understanding of clustered star formation.
Young stars usually are enshrouded in a dust envelope which blocks out most of the visible to near-IR light and makes them hard to study with traditional telescopes. The dust however absorbs the UV and visible radiation from the local heating sources and re-radiates it in the thermal infrared in the bands that BETTII is sensitive to, hence allowing for an indirect look into the star formation activity. While other facilities have flown from space and observed the universe at these wavelengths, none of them had the necessary angular resolution to observe those objects to reach to the physical scales of 1000s of AUs at which key star formation processes are occurring. In addition, most of the sensitive space-based missions such as Spitzer saturate on many of the star-forming clusters within 1kpc of the Sun, hence complicating the problem. Augmented by archival data at shorter wavelengths, BETTII will enable spatially resolved spectroscopy of the clustered young stars, and answer key questions about the physics of star formation in clusters.
Perhaps most importantly, the BETTII project paves the way towards future space-based interferometry by providing a first system-level attempt at building a flying interferometer.
The BETTII project is now in its last year before the start of its first flight campaign in Fall 2016. All major procurement items are now over, and all known engineering challenges have been solved. System integration is well under way and testing has started. We are on schedule for an engineering flight campaign in Fall 2016 out of Fort Sumner, New Mexico. For a review of payload, its science objectives, and engineering challenges, please refer to Rinehart et al. (2014) .
Project Status and Updates

Cryogenics and Detectors
Dark TES arrays have been fabricated and are currently undergoing testing. The full set of detector arrays only need the absorber layer to be deposited, for a nominal delivery date of February 2016. On the other hand, the cryostat has been assembled and cryogenic cycles will be starting before the end of the year, as all the harnessing and thermometry is being installed.
Optics
All optics are in hands, except the siderostat mirrors which will be delivered in March 2016. The primary mirror assemblies were received on Dec 1 st at NASA Goddard Space Flight Center, and are scheduled to be coated with protected aluminum in-house. All of the other optics have been gold-coated and tested for surface finish and accuracy. The optical bench has been assembled and some mirrors were mounted onto it (see Fig. 2 , Left).
Our team has established alignment procedures both for optics internal and external to the dewar. Ground support equipment to help during alignment has been designed and only a few pieces are still to be manufactured. We are expecting the delivery of sensitive alignment instruments in January. The alignment and optical testing effort will take the most part of the remaining time until launch. 
Controls
A 3D attitude estimation algorithm was implemented to feed a set of PID loops and control the payload. The algorithm corrects for the drifts of the gyroscopes by using star cameras. Lost-In-Space, tracking and slewing modes have been completely implemented into the flight software and successfully tested using real stars in Greenbelt, MD (see Fig. 2, right) . We have started the integration of the delay lines and non-critical sensor systems, all of which had been successfully tested separately.
The next step in controls requires the telescope assemblies to be integrated into the payload, to start testing the fine pointing loop, and mode transition between coarse tracking and acquiring guide stars.
Software
The entire ground system software and telemetry pipeline is complete and works routinely during testing in the lab. This mimics the flight behavior, except that we transmit data through a router over WiFi instead of the communication link provided by the launch facility.
The entire flight software framework and synchronization is complete and is undergoing testing. We now add subsystems into the master sequence and progressively increase complexity of the software. End-to-end tests successfully demonstrated our ability to gather star camera data on real stars, process it with the flight software on an embedded Linux machine, transfer it to the flight computer, and retrieve the processed results on the ground station.
The following steps now mostly involve a large amount of testing and debugging as we add the subsystems together into the master loop sequence. In addition, the careful sequencing of the "acquire" mode is proving to be challenging -we will require to observer realistic targets to successfully implement this mode.
Relevance to space--based spatio--spectral interferometry
BETTII's legacy will consist of multiple key findings that are relevant for space-based far-infrared interferometry.
First, we developed an entire framework to assess the spectral sensitivity of 2-element, double-Fourier interferometers in general (Rizzo et al. 2015) . This tool was used to select targets for BETTII for its first flight, and it has been used in the design of a spatio-spectral interferometry concept as a candidate for the farinfrared Surveyor, in response of a U.S. call from NASA (Leisawitz et al., 2015) . This tool is very versatile and can be used for any other interferometry mission.
Second, our architecture choices and solutions can be re-used for spaceflight: full payload synchronization (using one single oscillator); extreme payload symmetry to only be sensitive to second order effects; stiff carbon fiber structure; multiple nested control loop system decoupling pointing from phase; use of two delay lines to provide both large throw and high bandwidth, are all examples of decisions we made that will be tested in the field for their effectiveness.
Third, for a space-based interferometer, it is critical to address system-level issues such as testing requirements. For BETTII, testing poses major challenges, with very expensive solutions. In the case of a modest space mission design, cryogenic systems testing of the various subsystems as well as the full system interferometric testing in the far-infrared is extremely challenging. Optics manufacturing, as well as mechanical and thermal stability are key areas of study where the efforts should be focused.
Finally, there are many ways to improve our current payload. For example, the truss could be vastly improved and made even more stable and symmetric using steel "X" structures as well as spherical nodes and cones. The instrument could be much more sensitive if its optical bandwidth was smaller and tailored to specific spectral lines with dedicated filters. A grating dispersion after the beam combination would alternatively help with sensitivity. These potential improvements could inform the design of future space missions.
A success of BETTII next year at finding fringes would show a viable path towards space-based interferometry, and establish the basic systems engineering guidelines towards achieving that goal for future mission concepts. At the very least, the first flight will show us which of those architectural choices work well and those which do not, hence also informing on the maturity of various approaches in the programmatic decisions ahead.
